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THIN FILM TRANSISTORS WITH OXIDE
SEMICONDUCTOR HAVING LOW
RESISTANCE PATTERNS WITH OXYGEN
DEFICIENCIES

This application claims priority to Korean Patent Applica-
tion No. 10-2013-0109052 filed on Sep. 11, 2013, and all the
benefits accruing therefrom under 35 U.S.C. §119, the entire
disclosure of which is incorporated by reference herein.

BACKGROUND

1. Field

Exemplary embodiments relate to thin film transistors
(“TFTs”), methods of manufacturing the same and display
devices including the same. More particularly, exemplary
embodiments relate to TFTs using an oxide semiconductor as
an active layer, methods of manufacturing the same and dis-
play devices including the same.

2. Description of the Related Art

A conventional thin film transistor (“TFT”) having a bot-
tom gate structure may include a gate electrode on a substrate,
a gate insulation layer on the gate electrode, and an active
layer formed on the gate insulation layer and superimposed
on the gate electrode. The TFT may further include a source
electrode and a drain electrode contacting the active layer.

As for the conventional TFT, the active layer may include
a semiconductor material such as amorphous silicon or poly-
silicon. However, when the active layer includes amorphous
silicon, a display device may have a low operational speed
due to reduced charge mobility in the active layer. When the
active layer includes polysilicon, a uniform threshold voltage
of the TFT may not be obtained despite a high operation
speed.

Recently, an oxide semiconductor including a metal oxide
is utilized for the active layer in order to overcome the afore-
mentioned problems.

SUMMARY

Where an oxide semiconductor including a metal oxide is
utilized for an active layer of a thin film transistor (“TFT”),
the source electrode and the drain electrode may be in direct
contact with the active layer without an impurity layer such as
an n+ layer provided between the electrodes and the active
layer. Thus, a resistance of the active layer may be increased
and a parasitic capacitance may be generated between the
source electrode and the gate electrode and/or between the
drain electrode and the gate electrode.

Exemplary embodiments provide a TFT having improved
electrical characteristics.

Exemplary embodiments provide a method of manufactur-
ing a TFT having improved electrical characteristics.

Exemplary embodiments provide a display device includ-
ing a TFT having improved electrical characteristics.

According to exemplary embodiments, a TFT includes a
gate electrode on a substrate, a gate insulation layer which
covers the gate electrode on the substrate, an oxide semicon-
ductor pattern on the gate insulation layer, a channel passiva-
tion layer on the oxide semiconductor pattern, areaction layer
which covers the oxide semiconductor pattern and the chan-
nel passivation layer, a source electrode and a drain electrode.
The oxide semiconductor pattern includes a channel portion
superimposed over the gate electrode and low resistance pat-
terns provided at edges of the channel portion, respectively.
The low resistance patterns include oxygen vacancies. The
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reaction layer includes a metal oxide. The source electrode
and the drain electrode contact the oxide semiconductor pat-
tern.

In exemplary embodiments, the reaction layer may include
aluminum oxide.

In exemplary embodiments, the reaction layer may further
include oxygen atoms or oxygen ions transferred from the
oxide semiconductor pattern.

In exemplary embodiments, the low resistance patterns
may contact the reaction layer, and may have an oxygen
content ratio lower than that of the channel portion.

In exemplary embodiments, the reaction layer may have a
layer density in a range from about 2.0 grams per cubic
centimeter (g/cm>) to about 3.7 g/cm?.

In exemplary embodiments, the reaction layer may have
the layer density in a range from about 2.0 g/cm® to about 3.3
g/em®.

In exemplary embodiments, the reaction layer may have a
thickness in a range from about 10 nanometers (nm) to about
100 nm.

In exemplary embodiments, the source electrode and the
drain electrode may contact with the low resistance patterns,
respectively, through contact holes defined in the reaction
layer.

In exemplary embodiments, the source electrode and the
drain electrode may be separated from the gate electrode in a
plan view.

In exemplary embodiments, the oxide semiconductor pat-
tern may further include contact portions which contact the
source electrode and the drain electrode, respectively. The
low resistance patterns may be respectively located between
the contact portion and the channel portion.

In exemplary embodiments, the channel passivation layer
may include a central portion superimposed over the gate
electrode, and a peripheral portion which partially covers the
contact portion.

In exemplary embodiments, the reaction layer may cover
the channel passivation layer, the source electrode and the
drain electrode. The reaction layer may contact the low resis-
tance pattern.

According to exemplary embodiments, there is provided a
method of manufacturing a thin film transistor. In the method,
a gate electrode is disposed on a substrate. A gate insulation
layer which covers the gate electrode is disposed on the
substrate. An oxide semiconductor pattern is disposed on the
gate insulation layer. A channel passivation layer is disposed
on the oxide semiconductor pattern. The channel passivation
layer is superimposed over the gate electrode. A reaction layer
covering the oxide semiconductor pattern and the channel
passivation layer is provided. The reaction layer includes a
metal oxide. A portion of the oxide semiconductor pattern
which contacts the reaction layer is transformed into a low
resistance pattern including oxygen vacancies. A source elec-
trode and a drain electrode are provided to contact the oxide
semiconductor pattern.

In exemplary embodiments, the reaction layer may be pro-
vided by a sputtering process.

In exemplary embodiments, the reaction layer may have a
layer density in a range from about 2.0 g/cm® to about 3.7
g/em®.

In exemplary embodiments, a heat treatment or an expo-
sure process may be further performed after providing the
reaction layer.

In exemplary embodiments, in the formation of the source
electrode and the drain electrode, the reaction layer may be
etched to provide a contact hole at least partially exposing the
low resistance pattern. A conductive layer filling the contact
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hole is disposed on the reaction layer. The conductive layer
may be etched such that the source electrode and the drain
electrode are not superimposed over the gate electrode.

In exemplary embodiments, the channel passivation layer
may include a central portion superimposed over the gate
electrode, and a peripheral portion covering edge portions of
the oxide semiconductor pattern. In the formation of the
source electrode and the drain electrode, a conductive layer
may be disposed on the channel passivation layer and the
oxide semiconductor pattern. The conductive layer may be
etched to provide the source electrode and the drain electrode
on the peripheral portion of the channel passivation layer.

In exemplary embodiments, openings may be provided
between the central portion and the source electrode and
between the central portion and the drain electrode. The reac-
tion layer may fill the openings.

According to exemplary embodiments, there is provided a
display device. The display device include a gate electrode, a
gate insulation layer, an oxide semiconductor pattern, a chan-
nel passivation layer, a reaction layer, a source electrode, a
drain electrode, a first electrode, an organic light emitting
layer and a second electrode. The gate electrode is disposed
on a substrate. The gate insulation layer which covers the gate
electrode is disposed on the substrate. The oxide semicon-
ductor pattern is disposed on the gate insulation layer. The
oxide semiconductor pattern includes a channel portion
superimposed over the gate electrode, and low resistance
patterns provided at edges of the channel portion. The low
resistance pattern includes oxygen vacancies. The channel
passivation layer is disposed on the oxide semiconductor
pattern. The reaction layer covers the oxide semiconductor
pattern and the channel passivation layer. The reaction layer
includes a metal oxide. The source electrode and the drain
electrode contact the oxide semiconductor pattern. The first
electrode is electrically connected to the drain electrode. The
organic light emitting layer is disposed on the first electrode.
The second electrode is disposed on the organic light emitting
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments will be more clearly understood
from the following detailed description taken in conjunction
with the accompanying drawings. FIGS. 1 to 19 represent
non-limiting, exemplary embodiments as described herein:

FIG. 1 is a cross-sectional view illustrating an exemplary
embodiment of a thin film transistor (“TFT”) in accordance
with the invention;

FIG. 2 is a flow chart illustrating a method of manufactur-
ing the TFT of FIG. 1;

FIGS. 3 to 7 are cross-sectional views illustrating a method
of manufacturing the TFT of FIG. 1;

FIG. 8 a cross-sectional view illustrating an exemplary
embodiment of a TFT in accordance with the invention;

FIG. 9 a flow chart illustrating a method of manufacturing
the TFT of FIG. 8;

FIGS. 10 to 13 are cross-sectional views illustrating a
method of manufacturing the TFT of FIG. 8;

FIG. 14 is a cross-sectional view illustrating an exemplary
embodiment of a TFT in accordance with the invention;

FIG. 15 is a graph showing measured resistance values of
oxide semiconductor patterns in accordance with Examples
and a Comparative Example;

FIG. 16 is a cross-sectional view illustrating a display
device in accordance with exemplary embodiments;

20

40

45

50

55

60

65

4

FIGS. 17 to 19 are cross-sectional views illustrating an
exemplary embodiment of a method of manufacturing a dis-
play device in accordance with the invention.

DETAILED DESCRIPTION

Various exemplary embodiments will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments are shown. The
inventive concept may, however, be embodied in many dif-
ferent forms and should not be construed as limited to the
exemplary embodiments set forth herein. Rather, these exem-
plary embodiments are provided so that this invention will be
thorough and complete, and will fully convey the scope of the
inventive concept to those skilled in the art. In the drawings,
the sizes and relative sizes of layers and regions may be
exaggerated for clarity. Like numerals refer to like elements
throughout.

It will be understood that when an element is referred to as
being “on” another element, it can be directly on the other
element or intervening elements may be present therebe-
tween. In contrast, when an element is referred to as being
“directly on” another element, there are no intervening ele-
ments present.

It will be understood that, although the terms first, second,
third etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are used to distinguish one element from another. Thus,
a first element discussed below could be termed a second
element without departing from the teachings of the inventive
concept. As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.

It will be understood that when an element is referred to as
being “connected” or “coupled” to another element, it can be
directly connected or coupled to the other element or inter-
vening elements may be present. In contrast, when an element
is referred to as being “directly connected” or “directly
coupled” to another element, there are no intervening ele-
ments present. Other words used to describe the relationship
between elements should be interpreted in a like fashion (e.g.,
“between” versus “directly between,” “adjacent” versus
“directly adjacent,” etc.).

The terminology used herein is for the purpose of describ-
ing particular exemplary embodiments only and is not
intended to be limiting of the inventive concept. As used
herein, the singular forms “a,” “an” and “the” are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “comprises” and/or “comprising,” when used in this
specification, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereof.

Furthermore, relative terms, such as “lower” or “bottom”
and “upper” or “top,” may be used herein to describe one
element’s relationship to another element as illustrated in the
Figures. It will be understood that relative terms are intended
to encompass different orientations of the device in addition
to the orientation depicted in the Figures. For example, if the
device in one of the figures is turned over, elements described
as being on the “lower” side of other elements would then be
oriented on “upper” sides of the other elements. The exem-
plary term “lower,” can therefore, encompasses both an ori-
entation of “lower” and “upper,” depending on the particular
orientation of the figure. Similarly, if the device in one of the
figures is turned over, elements described as “below” or
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“beneath” other elements would then be oriented “above” the
other elements. The exemplary terms “below” or “beneath”
can, therefore, encompass both an orientation of above and
below.

“About” or “approximately” as used herein is inclusive of
the stated value and means within an acceptable range of
deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this inventive concept belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

FIG. 1 is a cross-sectional view illustrating a thin film
transistor (“TFT”) in accordance with exemplary embodi-
ments. In an exemplary embodiment, FIG. 1 illustrates a TFT
having a bottom gate structure in which a gate electrode is
disposed under a semiconductor pattern.

Referring to FIG. 1, the TFT may include a gate electrode
110, a gate insulation layer 120, an oxide semiconductor
pattern 150, a channel passivation layer 160, a reaction layer
170, a source electrode 180 and a drain electrode 190 on a
substrate 100.

The substrate 100 may include a transparent insulation
substrate. In an exemplary embodiment, the substrate may
include a glass substrate, a transparent plastic substrate or a
transparent metal oxide substrate, for example.

In one exemplary embodiment, a buffer layer (not illus-
trated) may be disposed on the substrate 100. The buffer layer
may prevent impurities from being diffused to the substrate
100 and may improve flatness throughout the substrate 100.
Further, the buffer layer may effectively reduce a stress that
may be generated during a formation of the gate electrode. In
an exemplary embodiment, the buffer layer may include, for
example, silicon oxide (SiO0x), silicon nitride (SiNx) or sili-
con oxynitride (SiIOxNy).

The gate electrode 110 may be disposed on the substrate
100, and the gate insulation layer 120 covering the gate elec-
trode 110 may be disposed on the substrate 100.

In an exemplary embodiment, the gate electrode 110 may
have a substantially rectangular cross section as illustrated in
FIG. 1. However, the invention is not limited thereto, and the
gate electrode 110 may have a substantially trapezoidal cross
section. The gate electrode 110 may have a single-layered
structure or a multi-layered structure including a plurality of
conductive layers.

The gate electrode 110 may include a metal, an alloy or a
metal nitride. In an exemplary embodiment, the gate elec-
trode 110 may include the metal including aluminum (Al),
silver (Ag), tungsten (W), copper (Cu), nickel (Ni), chrome
(Cr), molybdenum (Mo), titanium (T1), platinum (Pt), tanta-
lum (Ta), neodymium (Nd) and scandium (Sc) or the alloy
thereof or the nitride thereof. In an alternative exemplary
embodiment, the gate electrode 110 may include a conductive
metal oxide including indium tin oxide (“ITO”), zinc tin
oxide (“ZTO”), indium zinc oxide (“IZ20”), aluminum doped
zinc oxide (“AZ0O”) or any combinations thereof, for
example.
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The gate electrode 110 may be electrically connected to a
gate line (not illustrated) of a display device in which the TFT
is employed.

The gate insulation layer 120 may sufficiently cover the
gate electrode 110 to have a substantially leveled or even top
surface. In an alternative exemplary embodiment the gate
insulation layer 120 may have a stepped portion correspond-
ing to the gate electrode 110.

The gate insulation layer 120 may include an insulation
material including a silicon material or a metal oxide. In an
exemplary embodiment, the gate insulation layer 120 may
include silicon oxide, silicon nitride, silicon oxynitride, alu-
minum oxide (AlOx), tantalum oxide (TaOx), hafnium oxide
(HfOx), zirconium oxide (ZrOx), titanium oxide (TiOx) or
any combinations thereof. The gate insulation layer 120 may
have a single-layered structure or a multi-layered structure
including the silicon material and/or the metal oxide.

The oxide semiconductor pattern 150 may be disposed on
the gate insulation layer 120 to be superimposed over the gate
electrode 110.

In an exemplary embodiment, the oxide semiconductor
pattern 150 may include a semiconductor oxide material
including indium (In), zinc (Zn), gallium (Ga), tin (Sn), tita-
nium (Ti), aluminum (Al), hathium (Hf), zirconium (Zr),
magnesium (Mg) or any combinations thereof. In an exem-
plary embodiment, the oxide semiconductor pattern 150 may
include a binary compound (ABx), a ternary compound
(ABxCy), a quaternary compound (ABxCyDz) or any com-
binations thereof. In an exemplary embodiment, the oxide
semiconductor pattern 150 may include indium gallium zinc
oxide (“IGZ0”), indium tin zinc oxide (“ITZ0O”), gallium
zinc oxide (GaZnxQy), indium zinc oxide (“IZ0”), zinc mag-
nesium oxide (ZnMgxOy), zinc tin oxide (ZnSnxQy), zinc
zirconium oxide (ZnZrxQOy), zinc oxide (ZnOx), gallium
oxide (GaOx), tin oxide (SnOx), indium oxide (InOx),
indium gallium hatnium oxide (“IGHO”), tin aluminum zinc
oxide (“TAZ0O”), indium gallium tin oxide (“IGSO”) or any
combinations thereof. In one exemplary embodiment, the
oxide semiconductor pattern 150 may further include dopants
including lithium (Li), sodium (Na), manganese (Mn), nickel
(N1), palladium (Pd), copper (Cu), carbon (C), nitrogen (N),
phosphorus (P), titanium (T1), zirconium (Zr), vanadium (V),
ruthenium (Ru), germanium (Ge), tin (Sn), fluorine (F), or
any combinations thereof. The oxide semiconductor pattern
150 may have a single-layered structure or a multi-layered
structure including at least one of the semiconductor oxide
materials. In exemplary embodiments, the oxide semicon-
ductor pattern 150 may include IGZO or ITZO, for example.

The oxide semiconductor pattern 150 may include low
resistance patterns 140 provided (e.g., formed) at edge por-
tions or peripheral portions of the oxide semiconductor pat-
tern 150, and a channel portion 130 at a central portion of the
oxide semiconductor pattern 150.

In exemplary embodiments, the low resistance pattern 140
may include oxygen vacancies more than those of the channel
portion 130, and may have a resistance lower than that of the
channel portion 130. Thus, the low resistance pattern 140 may
have an oxygen content ratio lower than that of the channel
portion 130.

The channel portion 130 may be substantially superim-
posed over the gate electrode 110 to function as a path through
which charges or ions may be moved or transferred.

The channel passivation layer 160 may be disposed on the
channel portion 130 to be substantially superimposed over the
gate electrode 110. In exemplary embodiments, a boundary
between the low resistance pattern 140 and the channel por-
tion 130 may be determined by the channel passivation layer
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160. In an exemplary embodiment, the channel passivation
layer 160 may include, for example, silicon oxide.

The reaction layer 170 may be disposed on the gate insu-
lation layer 120 to cover the oxide semiconductor pattern 150
and the channel passivation layer 160. The reaction layer 170
may include a metal oxide including titanium oxide (TiOx),
aluminum oxide (AlOx), zirconium oxide (ZrOx), magne-
sium oxide (MgOx), tantalum oxide (TaOx), molybdenum
oxide (MoOx), neodymium oxide (NdOx), or any combina-
tion thereof. In exemplary embodiments, the reaction layer
170 may include aluminum oxide.

The reaction layer 170 may include oxygen atoms or oxy-
gen ions that may be moved or transferred from the oxide
semiconductor pattern 150. Accordingly, a portion of the
oxide semiconductor pattern 150 which contacts the reaction
layer 170 may be transformed into the low resistance pattern
140 that may be relatively oxygen-deficient. In exemplary
embodiments, the reaction layer 170 may have an oxygen
content ratio lower than that of the low resistance pattern 140.

In exemplary embodiments, the reaction layer 170 may
have a thickness taken in a cross section in a range from about
10 nanometers (nm) to about 100 nm. When the thickness of
the reaction layer 170 is less than about 10 nm, an economic
efficiency of manufacturing the TFT may be deteriorated and
the reaction layer 170 may not accommodate the sufficient
oxygen atoms or oxygen ions from the oxide semiconductor
pattern 150. When the thickness of the reaction layer 170 is
greater than about 100 nm, a charge transfer path through the
source electrode 180 or the drain electrode 190 may be
increased, so that electrical characteristics of the TFT such as
a signal transmission rate may be deteriorated.

In exemplary embodiments, a layer density of the reaction
layer 170 may be in a range from about 2.0 grams per cubic
centimeter (g/cm>) to about 3.7 g/cm®. As the layer density of
the reaction layer 170 becomes smaller, the reaction between
the reaction layer 170 and the oxide semiconductor pattern
150 may be facilitated. When the layer density of the reaction
layer 170 is greater than about 3.7 g/cm?, the reaction may not
substantially occur. When the layer density of the reaction
layer 170 is less than about 2.0 g/cm®, mechanical properties
of'the TFT such as a heat resistance and a pressure resistance
or insulation properties of the reaction layer 170 may be
deteriorated. In one exemplary embodiment, the layer density
of the reaction layer 170 may be in a range from about 2.0
g/cm® to about 3.3 g/cm’ to obtain a sufficient reactivity with
the oxide semiconductor pattern 150.

The source electrode 180 and the drain electrode 190 may
be disposed in contact holes defined through the reaction
layer 170 and may contact the low resistance patterns 140
provided at the edge portions or the peripheral portions of the
oxide semiconductor pattern 150. In an exemplary embodi-
ment, the source electrode 180 and the drain electrode 190
may include a metal including Al, Cu, Mo and Ti or an alloy
thereof. In an alternative exemplary embodiment, the source
electrode 180 and the drain electrode 190 may include a
transparent conductive material including ITO, IZO, AZO or
any combinations thereof.

The source electrode 180 may be electrically connected
with a data line (not illustrated) of the display device to
provide the TFT with a power and/or a current. The drain
electrode 190 may be electrically connected with a pixel
electrode (not illustrated) of the display device.

In exemplary embodiments, the source electrode 180 and
the drain electrode 190 may not be superimposed over the
gate electrode 110. Accordingly, a parasitic capacitance gen-
erated between the source electrode 180 and the gate elec-

10

15

20

25

30

35

40

45

50

55

60

65

8

trode 110 and/or between the drain electrode 190 and the gate
electrode 110 may be minimized.

In the case that a polysilicon layer or an amorphous silicon
layer is utilized as an active layer, an n+ layer or an ohmic
contact layer which contacts a source electrode and a drain
electrode may be provided. In an alternative exemplary
embodiment, when an oxide semiconductor layer is utilized
as the active layer, the source electrode and the drain electrode
may directly contact the oxide semiconductor layer. Thus, a
contact resistance between the source electrode and the oxide
semiconductor layer and/or between the drain electrode and
the oxide semiconductor layer may be increased. Accord-
ingly, the source electrode and the drain electrode may be
superimposed over a gate electrode to facilitate mobility or
transfer of the charges or the ions. In this case, a parasitic
capacitance may be generated between the source electrode
and the gate electrode and/or between the drain electrode and
the gate electrode.

However, according to the TFT of exemplary embodi-
ments, the low resistance patterns 140 may be provided at the
edge portions of the oxide semiconductor pattern 150. The
low resistance pattern 140 may include the oxygen vacancies
that may function as charge carriers, so that a contact resis-
tance between the low resistance pattern 140 and the source
electrode 180 and/or between the low resistance pattern 140
and the drain electrode 190 may be reduced. Therefore, even
though each of the source electrode 180 and the drain elec-
trode 190 is spaced apart from the gate electrode 110 and is
not substantially superimposed over the gate electrode 110,
the sufficient mobility or transfer of the charges or the ions
may be achieved. Further, the source electrode 180 and the
drain electrode 190 may not be superimposed over the gate
electrode 100 as mentioned above, so that the generation of
the parasitic capacitance may be minimized.

A passivation layer 195 may be additionally disposed on
the reaction layer 170 to cover the source electrode 180 and
the drain electrode 190. In an exemplary embodiment, the
passivation layer 195 may include an insulation material
including silicon oxide or silicon nitride, for example.

FIG. 2 is a flow chart illustrating a method of manufactur-
ing the TFT of FIG. 1. FIGS. 3 to 7 are cross-sectional views
illustrating a method of manufacturing the TFT of FIG. 1.

Referring to FIGS. 2 and 3, a gate electrode 110 may be
disposed on a substrate 100 in operation S10.

In an exemplary embodiment, the substrate 100 may
include a transparent insulation substrate including a glass
substrate, a transparent plastic substrate or a transparent metal
oxide substrate.

A first conductive layer may be disposed on the substrate
100, and then the first conductive layer may be patterned by,
e.g., a photolithography process to provide the gate electrode
110. In an exemplary embodiment, the first conductive layer
may be provided using a metal, an alloy or a metal nitride, for
example. In an exemplary embodiment, the first conductive
layer may be provided using the metal including aluminum,
silver, tungsten, copper, nickel, chrome, molybdenum, tita-
nium, platinum, tantalum, neodymium, scandium, or the
alloy thereof or the nitride thereof, for example. In an alter-
native exemplary embodiment, the first conductive layer may
be provided using a transparent conductive material including
1TO, 1720, AZO or any combinations thereof. In an alternative
exemplary embodiment, the first conductive layer may be
obtained by a sputtering process, an atomic layer deposition
(“ALD”) process, a pulse laser deposition (“PLD”) process, a
vacuum evaporation process, etc.
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When the TFT is utilized for a display device, the gate
electrode 110 may be integrally provided with a gate line (not
illustrated) of the display device by the same patterning pro-
cess.

In one exemplary embodiment, a buffer layer (not illus-
trated) may be additionally disposed on the substrate 100
before providing the gate electrode 110. In an exemplary
embodiment, the buffer layer may be provided using, e.g.,
silicon oxide, silicon nitride or silicon oxynitride, for
example. In an exemplary embodiment, the buffer layer may
be obtained by a chemical vapor deposition (“CVD”) process,
a plasma enhanced chemical vapor deposition (“PECVD”)
process, a high density plasma-chemical vapor deposition
(“HDP-CVD”) process, etc.

In operation S20, a gate insulation layer 120 covering the
gate electrode 110 may be disposed on the substrate 100. The
gate insulation layer 120 may be provided using a silicon
material including silicon oxide, silicon nitride, a metal oxide
or any combinations thereof. In an exemplary embodiment,
the gate insulation layer 120 may be obtained by a CVD
process, a PECVD process, a vacuum evaporation process,
etc. The gate insulation layer 120 may have a single-layered
structure or a multi-layered structure including the silicon
material and/or the metal oxide.

As illustrated in FIG. 3, the gate insulation layer 120 may
have a substantially even or leveled top surface. However,
when the gate insulation layer 120 has a thin thickness, the
gate insulation layer 120 may have an uneven top surface or a
stepped portion corresponding to the gate electrode 110.

Referring to FIGS. 2 and 4, an oxide semiconductor pattern
150 may be disposed on the gate insulation layer 120 in
operation S30.

In exemplary embodiments, an oxide semiconductor layer
may be disposed on the gate insulation layer 120 using a
semiconductor oxide material that may include In, Zn, Ga,
Sn, Ti, Al, Hf, Zr, Mg or any combinations thereof. The oxide
semiconductor layer may be patterned by, e.g., a photolithog-
raphy process to obtain the oxide semiconductor pattern 150.

In an exemplary embodiment, the semiconductor oxide
material may include a binary compound (ABX), a ternary
compound (ABxCy) or a quaternary compound (ABxCyDz)
including ITZ0, 1GZ0, GaZnxQOy, ITO, 1Z0, ZnMgxOy,
ZnSnxQy, ZnZrxQy, ZnOx, SnOx, InOx, IGHO, TAZO,
IGSO or any combinations thereof. In one exemplary
embodiment, a dopant including Li, Na, Mn, Ni, Pd, Cu, C, N,
P, Ti, Zr, V, Ru, Ge, Sn, F or any combinations thereof may be
added to the semiconductor oxide material. The oxide semi-
conductor layer may be provided by a sputtering process, an
ALD process, a PLD process, etc.

Referring to FIGS. 2 and 5, a channel passivation layer 160
may be disposed on the oxide semiconductor pattern 150 in
operation S40.

In exemplary embodiments, a passivation layer covering
the oxide semiconductor pattern 150 may be disposed on the
gate insulation layer 120. The passivation layer may be par-
tially removed by, e.g., a photolithography process to obtain
the channel passivation layer 160. The channel passivation
layer 160 may be substantially superimposed over the gate
electrode 110.

In one exemplary embodiment, a photoresist layer may be
disposed on the passivation layer, and then an exposure pro-
cess may be performed from a back surface using the gate
electrode 110 as a mask. A developing process may be per-
formed to provide a photoresist pattern on the passivation
layer. The passivation layer may be partially removed by, e.g.,
a dry etching process using the photoresist pattern as an
etching mask to obtain the channel passivation layer 160.
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As illustrated in FIG. 5, the channel passivation layer 160
may have a substantially rectangular cross section. In an
alternative exemplary embodiment, the channel passivation
layer 160 may have a substantially trapezoidal cross section
with tapered sidewalls by modifying etching conditions such
as a reaction gas or an etching time.

Referring to FIGS. 2 and 6, a reaction layer 170 covering
the oxide semiconductor pattern 150 and the channel passi-
vation layer 160 may be disposed on the gate insulation layer
120, and a portion of the oxide semiconductor pattern 150
which contacts the reaction layer 170 may be transformed
into a low resistance pattern 140 in operation S50.

In an exemplary embodiment, the reaction layer 170 may
be provided using a metal oxide including TiOx, AlOx, ZrOx,
MgOx, TaOx, MoOx, NdOX, or any combinations thereof. In
exemplary embodiments, the reaction layer 170 may be pro-
vided using AlOx. In an exemplary embodiment, the reaction
layer 170 may be obtained by a sputtering process, an ALD
process, a PLD process, etc. In exemplary embodiments, the
sputtering process may be utilized in order to obtain a desired
layer density of the reaction layer 170.

The portion of the oxide semiconductor pattern 150 which
contacts the reaction layer 170 may be transformed into the
low resistance pattern 140. In exemplary embodiments, the
reaction layer 170 may have an oxygen content ratio lower
than that of the oxide semiconductor pattern 150. A portion of
the oxide semiconductor pattern 150 which is not covered by
the channel passivation layer 160 may contact the reaction
layer 170, and oxygen atoms or oxygen ions included in the
oxide semiconductor pattern 150 may be moved or trans-
ferred into the reaction layer 170. Accordingly, the portion of
the oxide semiconductor pattern 150 which contacts reaction
layer 170 may be transformed into the low resistance pattern
140 relatively deficient in oxygen. The low resistance pattern
140 may include oxygen vacancies that may function as car-
riers, thereby have a relatively high electrical conductivity
and a low resistance.

In one exemplary embodiment, a thermal treatment such as
an annealing process or an exposure process using laser or
ultraviolet (“UV”’) light may be further performed to facilitate
the reaction between the reaction layer 170 and the oxide
semiconductor pattern 150.

As illustrated in FIG. 1, a thickness of the reaction layer
170 may be in a range from about 10 nm to about 100 nm. The
reaction layer 170 may have a substantially even or leveled
top surface in the range of the thickness.

As illustrated above, a layer density of the reaction layer
170 may be in a range of from about 2.0 g/cm® to about 3.7
g/cm’. In one exemplary embodiment, the layer density of the
reaction layer 170 may be in a range of from about 2.0 g/cm>
to about 3.3 g/cm® to obtain a sufficient reactivity with the
oxide semiconductor pattern 150. A sputtering process may
be more advantageous than an ALD process or a PLD process
in order to obtain the layer density of less than about 3.7
g/em’.

A portion between the low resistance patterns 140 of the
oxide semiconductor pattern 150 may be defined as a channel
portion 130. In exemplary embodiments, the low resistance
pattern 140 may have the oxygen content ratio lower than that
of the channel portion 130.

Referring to FIGS. 2 and 7, a source electrode 180 and a
drain electrode 190 that may contact the low resistance pat-
terns 140 may be disposed in contact holes defined through
the reaction layer 170 in operation S60.

In exemplary embodiments, the reaction layer 170 may be
partially removed by, e.g., a photolithography process to
define the contact holes at least partially exposing the low
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resistance patterns 140 provided at both ends of the oxide
semiconductor pattern 150. A second conductive layer may
be disposed on the reaction layer 170 and the exposed low
resistance patterns 140 to fill the contact holes. The second
conductive layer may be patterned to provide the source elec-
trode 180 and the drain electrode 190.

The second conductive layer may be provided using a
metal including Al, Cu, Mo, Ti or an alloy thereof, or a
transparent conductive material including ITO, IZO, AZO or
any combinations thereof. The second conductive layer may
be obtained by a sputtering process, an ALD process, a PL.D
process, etc.

In exemplary embodiments, the source electrode 180 and
the drain electrode 190 may not be superimposed over the
channel passivation layer 160 and/or the gate electrode 110.
For example, the source electrode 180 and the drain electrode
190 may be spaced apart from the channel passivation layer
160 and/or the gate electrode 110 in a transverse direction by
apredetermined distance. Therefore, the generation of a para-
sitic capacitance between the source electrode 180 and the
gate electrode 110, and/or between the drain electrode 190
and the gate electrode 110 may be minimized.

When the TFT is utilized for the display device, the source
electrode 180 and the drain electrode 190 may be provided
together with a data line (not illustrated) of the display device.
In this case, the source electrode 180 may be integrally pro-
vided with the data line.

In operation S70, a passivation layer 195 may be disposed
onthe reaction layer 170 to cover the source electrode 180 and
the drain electrode 190. In an exemplary embodiment, the
passivation layer 195 may be provided using an insulation
material including silicon oxide or silicon nitride by, e.g., a
CVD process, a PECVD process, a spin coating process, etc.

FIG. 8 a cross-sectional view illustrating a TFT in accor-
dance with another exemplary embodiment. Detailed
descriptions on elements and/or constructions substantially
the same as or similar to those illustrated with reference to
FIG.1 are omitted. Further, like elements are indicated by like
reference numerals.

Referring to FIG. 8, the TFT may include a gate electrode
110 and a gate insulation layer 120 covering the gate elec-
trode 110 on a substrate 100.

An oxide semiconductor pattern 155 may be disposed on
the gate insulation layer 120, and may include a channel
portion 135, alow resistance pattern 145 and a contact portion
147. The channel portion 135 may be located at a central
portion of the oxide semiconductor pattern 155, and may be
substantially superimposed over the gate electrode 110. The
contact portions 147 may be located at edge portions or
peripheral portions of the oxide semiconductor pattern 155.
The low resistance pattern 145 may be provided between the
channel portion 135 and the contact portion 147.

In exemplary embodiments, the low resistance pattern 145
may include oxygen vacancies greater than those of the chan-
nel portion 135 and the contact portion 147. Further, the low
resistance pattern 145 may have an oxygen content ratio
lower than those of the channel portion 135 and the contact
portion 147. The channel portion 135 and the contact portion
147 may have substantially the same material or composition
as each other.

A channel passivation layer 165 may be disposed on the
gate insulation layer 120 to partially expose the oxide semi-
conductor pattern 155. In exemplary embodiments, the chan-
nel passivation layer 165 may include a central portion 1634
and a peripheral portion 1635. The central portion 163a of the
channel passivation layer 165 may cover the channel portion
135 and may be substantially superimposed over the gate
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electrode 110. The peripheral portion 1635 of the channel
passivation layer 165 may cover both edges of the oxide
semiconductor pattern 155. In exemplary embodiments, the
peripheral portion 1635 of the channel passivation layer 165
may partially cover the contact portion 147.

A source electrode 185 and a drain electrode 195 may be
disposed on the peripheral portions 1635 of the channel pas-
sivation layer 165 to contact the contact portions 147 of the
oxide semiconductor pattern 155.

A reaction layer 175 may cover the source electrode 185,
the drain electrode 195 and the channel passivation layer 165,
and may contact the low resistance pattern 145. In exemplary
embodiments, the reaction layer 175 may include oxygen
atoms or oxygen ions moved or transferred from the oxide
semiconductor pattern 155. Accordingly, a portion of the
oxide semiconductor pattern 155 which contacts the reaction
layer 175 may be transformed into the low resistance pattern
145 that may be relatively deficient in oxygen.

As mentioned above, the reaction layer 175 has a layer
density in a range from about 2.0 g/cm? to about 3.7 g/cm?. In
one exemplary embodiment, the layer density may be in a
range from about 2.0 g/cm® to about 3.3 g/cm®.

The reaction layer 175 may also function as a passivation
layer that covers the source electrode 185, the drain electrode
195, the channel passivation layer 165 and the oxide semi-
conductor pattern 155.

FIG. 9 a flow chart illustrating a method of manufacturing
the TFT of FIG. 8. FIGS. 10 to 13 are cross-sectional views
illustrating the method of manufacturing the TFT of FIG. 8.
Detailed descriptions on processes and/or materials substan-
tially the same as or similar to those illustrated with reference
to FIG. 2 and FIGS. 3 to 7 are omitted.

Referring to FIGS. 9 and 10, processes substantially the
same as or similar to those illustrated with reference to FIGS.
3 and 4 may be performed.

Accordingly, a gate electrode 110 and a gate insulation
layer 120 covering the gate electrode 110 may be disposed on
a substrate 100 in operations S110 and S120. Subsequently,
an oxide semiconductor pattern 155 may be disposed on the
gate insulation layer 120 in operation S130.

Referring to FIGS. 9 and 11, a channel passivation layer
165 partially covering the oxide semiconductor pattern 155
may be disposed on the gate insulation layer 120 in operation
S140.

In exemplary embodiments, a passivation layer covering
the oxide semiconductor pattern 155 may be disposed on the
gate insulation layer 120, and then the passivation layer may
be patterned by, e.g., a photolithography process to obtain the
channel passivation layer 165. In the photolithography pro-
cess, a photoresist layer may be disposed on the passivation
layer. A mask pattern (not illustrated) overlapping edge por-
tions or peripheral portions of the oxide semiconductor pat-
tern 155 may be disposed on a back surface of the substrate
100, and an exposure process may be performed using the
mask pattern and the gate electrode 110 as a mask. Exposed
portions of the photoresist layer may be removed by a devel-
oping process to obtain a photoresist pattern. The passivation
layer may be partially removed using the photoresist pattern
as an etching mask to obtain the channel passivation layer
165.

In exemplary embodiments, the channel passivation layer
165 may be divided into a central portion 163a and peripheral
portions 1635. The central portion 163a may be substantially
superimposed over the gate electrode 110, and the peripheral
portions 1635 may cover the edge portions of the oxide semi-
conductor pattern 155.
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Further, first openings 167a and 1675 partially exposing
the oxide semiconductor pattern 155 may be defined in the
channel passivation layer 165.

Referring to FIGS. 9 and 12, a source electrode 185 and a
drain electrode 195 may be disposed on the peripheral portion
1634 of the channel passivation layer 165 to contact the oxide
semiconductor pattern 155 in operation S150.

In exemplary embodiments, the source electrode 185 and
the drain electrode 195 may partially fill the first openings
167a and 1675, respectively. Accordingly, second openings
168a and 1685 may partially expose the oxide semiconductor
pattern 155 between the source electrode 185 and the central
portion 163a of the channel passivation layer 165, and
between the drain electrode 195 and the central portion 1634
of the channel passivation layer 165.

In exemplary embodiments, a conductive layer may be
disposed on the channel passivation layer 165 and the oxide
semiconductor pattern 155. An etching mask overlapping
with the peripheral portion 1635 of the channel passivation
layer 165 and a portion of the oxide semiconductor pattern
155 exposed by the first openings 167a and 1675 may be
disposed on the conductive layer. The conductive layer may
be partially removed using the etching mask to provide the
source electrode 185 and the drain electrode 195, and the
second openings 168a and 1685 partially exposing the oxide
semiconductor pattern 155 may be defined.

In the above mentioned process, the central portion 163a of
the channel passivation layer 165 may substantially function
as an etch-stop layer to protect a channel portion 135 that may
be provided in a subsequent process.

Referring to FIGS. 9 and 13, a reaction layer 175 covering
the source electrode 185, the drain electrode 195 and the
channel passivation layer 165 may fill the second openings
168a and 1685 in operation S160. Accordingly, the reaction
layer 175 may contact the oxide semiconductor pattern 155
exposed by the second openings 168a and 16854.

As illustrated above, when the reaction layer 175 contacts
the oxide semiconductor pattern 155, oxygen atoms or oxy-
gen ions included in the oxide semiconductor pattern 155
may be moved or transferred into the reaction layer 175. Thus,
portions of the oxide semiconductor pattern 155 which con-
tact the reaction layer 175 may be transformed into low resis-
tance patterns 145 that may be relatively deficient in oxygen.
In exemplary embodiments, the low resistance pattern 145
may include oxygen vacancies, and the oxygen vacancies
may function as carriers so that the low resistance pattern 145
may have an enhanced electrical conductivity and a low resis-
tance.

In one exemplary embodiment, a thermal treatment or an
exposure process may be further performed to facilitate the
reaction between the reaction layer 175 and the oxide semi-
conductor pattern 155.

As the low resistance pattern 145 is provided, a central
portion of the oxide semiconductor pattern 155 which is
substantially superimposed over the gate electrode 110 may
be defined as the channel portion 135. Peripheral portions of
the oxide semiconductor pattern 155 which contact the source
electrode 185 and the drain electrode 195 may be defined as
contact portions 147.

According to exemplary embodiments, the low resistance
pattern 145 may be provided between the contact portion 147
and the channel portion 135, so that mobility of charges
and/or ions through the channel portion 135 may be
improved.

Additionally, the reaction layer 175 may cover the source
electrode 185, the drain electrode 195 and the channel passi-
vation layer 165. Thus, the reaction layer 175 may substan-
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tially function as a passivation layer, so that an additional
formation of the passivation layer may not be needed.

Furthermore, the source electrode 185 and the drain elec-
trode 195 may be provided in the first openings 167a and
1675 that may be provided during a patterning process for the
channel passivation layer 165. Thus, a formation of additional
contact holes for the source electrode 185 and the drain elec-
trode 195 may be omitted.

FIG. 14 is a cross-sectional view illustrating a TFT in
accordance with exemplary embodiments. For example, FIG.
14 illustrates a TFT having a top gate structure in which a gate
electrode is disposed on a semiconductor pattern.

Methods of manufacturing the TFT are also described with
reference to FIG. 14. Detailed descriptions on elements, con-
structions, materials and/or processes substantially the same
as or similar to those illustrated with reference to FIGS. 1 to
7 are omitted.

Referring to FIG. 14, the TFT may include an oxide semi-
conductor pattern 220 disposed on a substrate 200, and a gate
insulation layer 230 and a gate electrode 240 sequentially
stacked on the oxide semiconductor pattern 220.

The oxide semiconductor pattern 220 may be provided by
depositing an oxide semiconductor layer on the substrate 200,
and then patterning the oxide semiconductor layer. In one
exemplary embodiment, a buffer layer (not illustrated) may
be disposed on the substrate 200, and the oxide semiconduc-
tor pattern 220 may be disposed on the buffer layer.

An insulation layer covering the oxide semiconductor pat-
tern 220 may be disposed on the substrate 200 using an
insulation material, for example, silicon oxide, and a conduc-
tive layer may be disposed on the insulation layer. The con-
ductive layer may be partially removed by, e.g., a photolithog-
raphy process to provide the gate electrode 240. The
insulation layer may be partially removed using the gate
electrode 240 as an etching mask to provide the gate insula-
tion layer 230.

In FIG. 14, the gate electrode 240 and the gate insulation
layer 230 are illustrated to have substantially rectangular
cross sections. However, at least one of the gate electrode 240
and the gate insulation layer 230 may have a substantially
trapezoidal cross section.

A reaction layer 250 may be disposed on the substrate 200
and the oxide semiconductor pattern 220 to cover the gate
electrode 240 and the gate insulation layer 230. The reaction
layer 250 may be provided using a metal oxide such as alu-
minum oxide having a low density.

As the reaction layer 250 contacts the oxide semiconductor
pattern 220, oxygen atoms or oxygen ions included in the
oxide semiconductor pattern 220 may be moved or trans-
ferred into the reaction layer 250. Accordingly, portions of the
oxide semiconductor pattern 220 which contact the reaction
layer 250 may be transformed into low resistance patterns
215. A portion of the oxide semiconductor pattern 220 which
is located between the low resistance patterns 215 and sub-
stantially overlaps with the gate insulation layer 230 and the
gate electrode 240 may be defined as a channel portion 210.

A source electrode 260 and a drain electrode 270 may
contact the low resistance patterns 215 through the reaction
layer 250. In exemplary embodiment, the reaction layer 250
may be partially etched to define openings partially exposing
the low resistance patterns 215. A conductive layer suffi-
ciently filling the openings may be disposed on the reaction
layer 250, and then the conductive layer may be patterned to
provide the source electrode 260 and the drain electrode 270.

In exemplary embodiments, the source electrode 260 and
the drain electrode 270 may be disposed on the reaction layer
250 not to be superimposed over the gate electrode 240.
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Accordingly, a parasitic capacitance generated between the
source electrode 260 and the gate eclectrode 240 and/or
between the drain electrode 270 and the gate electrode 240
may be reduced.

A passivation layer 280 covering the source electrode 260
and the drain electrode 270 may be disposed on the reaction
layer 250.

Hereinafter, resistance properties of oxide semiconductor
patterns are described with reference to Examples and Com-
parative Example.

In the Examples, an oxide semiconductor layer was dis-
posed on a substrate using ITZO by a sputtering process, and
then the oxide semiconductor layer was patterned to provide
an oxide semiconductor pattern. A reaction layer covering the
oxide semiconductor pattern was disposed on the substrate
using aluminum oxide to transform the oxide semiconductor
pattern into a low resistance pattern. After obtaining the low
resistance pattern, the reaction layer was removed, and then a
resistance value of the low resistance pattern was measured in
ohm centimeter (Qcm).

The resistance values were repeatedly measured varying
layer densities of the reaction layer.

In the Comparative Example, a resistance value of the
oxide semiconductor pattern was measured before providing
the reaction layer.

The measured results of Examples and Comparative
Example are shown in Table 1 below.

TABLE 1
Comparative

Examples Example
Layer 37 35 33 3.0 2.5 2.0 —
Density
(gfem®)
Resistance 0.014 0.012 0.008 0.002 0.001 0.001 0.014
(Qcm)

FIG. 15 is a graph showing measured resistance values of
the oxide semiconductor patterns in accordance with
Examples and Comparative Example.

Referring to Table 1 and FIG. 15, when the layer density of
the reaction layer was 3.7, the oxide semiconductor pattern
had substantially the same resistance value as that of Com-
parative Example. Thus, the oxide semiconductor pattern was
not substantially transformed into the low resistance pattern
by the reaction layer. When the layer density of the reaction
layer was less than 3.7, the resistance value of the oxide
semiconductor pattern was effectively reduced compared to
that of Comparative Example.

Particularly, when the layer density became less than about
3.3, the resistance value was drastically reduced. Therefore,
the low resistance pattern having a sufficiently reduced resis-
tance value may be obtained by using the reaction layer with
the layer density of less than about 3.3.

However, when the layer density reached about 2.0, the
resistance value of the oxide semiconductor pattern was not
reduced by a significant level.

The reaction layer was provided by an ALD process and a
PLD process instead of the sputtering process. In this case, the
layer density of the reaction layer was not reduced below
about 4.0 g/cm®.

FIG. 16 is a cross-sectional view illustrating a display
device in accordance with exemplary embodiments. For
example, FI1G. 16 illustrates an organic light emitting display
(“OLED”) device including the TFT described above. How-
ever, the TFT according to exemplary embodiments may be
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also employed in other types of the display device, for
example, a liquid crystal display (“LCD”) device or a flexible
display device. Detailed description on elements and/or con-
structions substantially the same as or similar to those illus-
trated with reference to FIG. 1 are omitted.

Referring to FIG. 1, the display device may include the
TFT according to exemplary embodiments and an organic
light emitting structure electrically connected to the thin film
transistor.

As described with reference to FIG. 1, the TFT may include
a gate electrode 110, a gate insulation layer 120, a semicon-
ductor pattern 150 including a channel portion 130 and a low
resistance pattern 140, a channel passivation layer 160, a
reaction layer 170, a source electrode 180, a drain electrode
190 and a passivation layer 195 on a substrate 100.

In exemplary embodiments, the TFT may have a structure
substantially the same as or similar to that illustrated with
reference to FIG. 8 or FIG. 14.

The organic light emitting structure may be disposed onthe
thin film transistor. The organic light emitting structure may
include a first electrode 300, a pixel defining layer 310, an
organic light emitting layer (“EML”) 320 and a second elec-
trode 330.

The first electrode 300 may be electrically connected to the
drain electrode 190 through a contact hole defined in the
passivation layer 195. In an exemplary embodiment, the first
electrode 300 may include a transparent conductive material
including ITO, ZTO, 170, zinc oxide, tin oxide or any com-
binations thereof, or a metal including Cr, Al, Ta, Mo, Ti, W,
Cu, Ag or Nd or an alloy of the metal. The first electrode 300
may function as a pixel electrode and/or an anode of the
display device.

The pixel defining layer 310 may be disposed on the pas-
sivation layer 195 to cover peripheral portions of the first
electrode 300. The pixel defining layer 310 may define a pixel
region of the display device, and a portion of the first elec-
trode 300 not covered by the pixel defining layer 310 may
substantially correspond to an area of the pixel region. In an
exemplary embodiment, the pixel defining layer 310 may
include photosensitive material including polyimide resin,
acryl resin or a combination thereof. In an alternative exem-
plary embodiment, the pixel defining layer 310 may include a
non-photosensitive organic material or an inorganic material.

The EML 320 may be disposed on the pixel defining layer
310 and the first electrode 300 exposed by the pixel defining
layer 310. In one exemplary embodiment, a hole transport
layer (“HTL”) (not illustrated) may be further disposed
between the first electrode 300 and the EML 320.

The EML 320 may include at least one of light emitting
materials for generating different colors of light, for example,
a red color of light, a green color of light or a blue color of
light. In exemplary embodiments, the EML 320 may include
any combinations of the light emitting materials for generat-
ing a white color of light.

The HTL may include a hole transport material, for
example, 4,4'-bis|N-(1-naphtyl)-N-phenylamino]|biphenyl
(“NPB”), 4,4'-bis[N-(3-methylphenyl)-N-phenylamino|bi-

phenyl (“TPD”), N,N'-di-1-naphtyl-N,N'-diphenyl-1,1'-bi-
phenyl-4,4'-diamine (“NPD”), N-phenylcarbazole, polyvi-
nylcarbazole or any combinations thereof.

As illustrated in FIG. 16, the EML 320 may be disposed on
surfaces of the pixel defining layer 310 and the first electrode
300. In an alternative exemplary embodiment, the EML 320
may be confined by sidewalls of the pixel defining layer 310.

The second electrode 330 may be disposed on the EML
320. The second electrode 330 may include a metal including
Li, Ca, lithium fluoride/calcium (LiF/Ca), LiF/Al, Al, Mg,
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Ag, Cr, W, Mo or Ti or an alloy thereof. In one exemplary
embodiment, the second electrode 330 may include a trans-
parent conductive material including ITO, IZO, ZTO, tin
oxide, zinc oxide or any combinations thereof. The second
electrode 330 may function as a cathode of the display device.

The second electrode 330 may be disposed on a substan-
tially entire surface of the display device. In an alternative
exemplary embodiment, the second electrode 330 may be
patterned in each pixel.

In one exemplary embodiment, an electron transport layer
(“ETL”) (not illustrated) may be further disposed between the
second electrode 330 and the EML 320. The ETL. may include
an electron transport material, for example, tris(8-quinolino-
lato)aluminum (Alq3), 2-(4-biphenylyl)-5-4-tert-butylphe-
nyl-1,3,4-oxadiazole (“PBD”), bis(2-methyl-8-quinolino-
lato)-4-phenylphenolato-aluminum (BAlq), bathocuproine
(“BCP”) or any combinations thereof.

FIGS. 17 to 19 are cross-sectional views illustrating a
method of manufacturing a display device in accordance with
exemplary embodiments.

Referring to FIG. 17, processes substantially the same as or
similar to those illustrated with reference to FIGS. 2 to 7 may
be performed to provide the TFT according to exemplary
embodiments. Accordingly, the TFT including a gate elec-
trode 110, a gate insulation layer 120, a semiconductor pat-
tern 150 including a channel portion 130 and a low resistance
pattern 140, a channel passivation layer 160, a reaction layer
170, a source electrode 180, a drain electrode 190 and a
passivation layer 195 disposed on a substrate 100 may be
obtained.

In exemplary embodiments, the TFT may be obtained by
processes substantially the same as or similar to those illus-
trated with reference to FIGS. 9 to 14.

Referring to FIG. 18, a first electrode 300 electrically con-
nected to the drain electrode 190 may be provided through a
contact hole 198 defined in the passivation layer 195.

In exemplary embodiments, the passivation layer 195 may
be partially removed to define the contact hole 198 at least
partially exposing a top surface of the drain electrode 190. A
conductive layer may be disposed on the passivation layer
195, sidewalls of the contact hole 198 and a bottom surface of
the contact hole 198. The conductive layer may be patterned
to provide the first electrode 300.

In an exemplary embodiment, the conductive layer may be
provided using a transparent conductive material including
ITO, ZTO, 170, zinc oxide, tin oxide or any combinations
thereof, a metal such as Cr, Al, Ta, Mo, Ti, W, Cu, Ag or Nd,
or an alloy of the metal. In an exemplary embodiment, the
conductive layer may be obtained by a sputtering process, a
CVD process, an ALD process, a vacuum evaporation pro-
cess, a printing process, etc.

Referring to FIG. 19, a pixel defining layer 310 covering
peripheral portions of'the first electrode 300 may be disposed
on the passivation layer 195 to define a pixel region of the
display device. An EML 320 and a second electrode 330 may
be sequentially disposed on the pixel defining layer 310 and
the first electrode 300.

In exemplary embodiments, a photosensitive material
layer including, e.g., acryl resin, polyimide resin or benzocy-
clobutene (“BCB”’) may be disposed on the passivation layer
195 and the first electrode 300. The photosensitive material
layer may be patterned by an exposure process and a devel-
oping process to provide the pixel defining layer 310. In an
alternative exemplary embodiment, non-photosensitive
organic or inorganic layers may be disposed on the passiva-
tion layer 195 and the first electrode 300, and then the non-
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photosensitive organic or inorganic layers may be partially
etched to provide the pixel defining layer 310.

The EML 320 may be provided using at least one of light
emitting materials for generating different colors of light, for
example, a red color of light, a green color of light or a blue
color of light. In exemplary embodiments, the EML 320 may
be provided using any combinations of the light emitting
materials for generating a white color of light. In an exem-
plary embodiment, the EML 320 may be provided by a spin
coating process, a roll printing process, a nozzle printing
process, an inkjet printing process, a transfer process using a
donor substrate, etc.

The EML 320 may be disposed on entire surfaces of the
pixel defining layer 310 and the first electrode 300 as illus-
trated in FIG. 19. In an alternative exemplary embodiment,
the EML 320 may be patterned to be confined by sidewalls of
the pixel defining layer 310.

In one exemplary embodiment, an HTL. may be further
provided between the EML 320 and the first electrode 300
using the above mentioned hole transport material. In one
exemplary embodiment, an ETL. may be further disposed on
the EML 320 using the above mentioned electron transport
material. In an exemplary embodiment, the HTL and the ETL
may be provided by a spin coating process, a roll printing
process, a nozzle printing process, an inkjet printing process,
a transfer process using a donor substrate, etc.

In an exemplary embodiment, the second electrode 330
may be provided using a metal including Li, Ca, LiF/Ca,
LiF/Al Al, Mg, Ag, Cr, W, Mo or Ti or an alloy thereof. In one
exemplary embodiment, the second electrode 330 may be
provided using a transparent conductive material including
ITO, 1IZO, ZTO, tin oxide, zinc oxide or any combinations
thereof. In an exemplary embodiment, the second electrode
330 may be obtained by a sputtering process, a CVD process,
an ALD process, a vacuum evaporation process, a printing
process, etc.

The second electrode 330 may be disposed on a substan-
tially entire surface of the display device. In an alternative
exemplary embodiment, the second electrode 330 may be
patterned in each pixel.

According to exemplary embodiments of the invention, an
oxide semiconductor pattern of a TFT may include a low
resistance pattern, so that a parasitic capacitance generated
between a gate electrode and other electrodes may be effec-
tively reduced, and electrical or operational characteristics of
the TFT may be improved.

Therefore, the TFT may be applied to various display
devices including an OLED device, an LCD device, a trans-
parent flexible display device, etc., to improve image qualities
and electrical properties thereof.

The foregoing is illustrative of exemplary embodiments
and is not to be construed as limiting thereof. Although a few
exemplary embodiments have been described, those skilled
in the art will readily appreciate that many modifications are
possible in the exemplary embodiments without materially
departing from the novel teachings and advantages of the
inventive concept. Accordingly, all such modifications are
intended to be included within the scope of the inventive
concept as defined in the claims. Therefore, it is to be under-
stood that the foregoing is illustrative of various exemplary
embodiments and is not to be construed as limited to the
specific exemplary embodiments disclosed, and that modifi-
cations to the disclosed exemplary embodiments, as well as
other exemplary embodiments, are intended to be included
within the scope of the appended claims.
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What is claimed is:

1. A thin film transistor, comprising:

a gate electrode on a substrate;

a gate insulation layer which covers the gate electrode on
the substrate;

an oxide semiconductor pattern which is disposed on the
gate insulation layer and includes:

a channel portion superimposed over the gate electrode;
and

low resistance patterns provided at edges of the channel
portion, respectively, and including oxygen vacan-
cies;

a channel passivation layer on the oxide semiconductor
pattern;

a reaction layer which covers the oxide semiconductor
pattern and the channel passivation layer, and contacts
the low resistance patterns, the reaction layer including
a metal oxide and inducing the oxygen vacancies of the
low resistance patterns; and

a source electrode and a drain electrode which contact the
low resistance patterns, the source electrode and the
drain electrode being formed on the reaction layer and
extending through the reaction layer,

wherein the source electrode and the drain electrode are
nonoverlapping with the gate electrode.

2. The thin film transistor of claim 1, wherein the reaction

layer includes aluminum oxide.

3. The thin film transistor of claim 1, wherein the reaction
layer further includes oxygen atoms or oxygen ions trans-
ferred from the oxide semiconductor pattern.

4. The thin film transistor of claim 3, wherein the low
resistance patterns have an oxygen content ratio lower than
that of the channel portion.

5. The thin film transistor of claim 1, wherein the reaction
layer has a layer density in a range from about 2.0 grams per
cubic centimeter to about 3.7 grams per cubic centimeter.

6. The thin film transistor of claim 5, wherein the reaction
layer has the layer density in arange from about 2.0 grams per
cubic centimeter to about 3.3 grams per cubic centimeter.

7. The thin film transistor of claim 1, wherein the reaction
layer has a thickness in a range from about 10 nanometers to
about 100 nanometers.

8. The thin film transistor of claim 1, wherein the source
electrode and the drain electrode contact the low resistance
patterns, respectively, through contact holes defined in the
reaction layer.
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9. The thin film transistor of claim 1, wherein the source
electrode and the drain electrode are separated from the gate
electrode in a plan view.

10. The thin film transistor of claim 1,

wherein the oxide semiconductor pattern further includes
contact portions which contact the source electrode and
the drain electrode, respectively, and

wherein the low resistance patterns are respectively located
between the contact portion and the channel portion.

11. The thin film transistor of claim 10, wherein the chan-
nel passivation layer includes a central portion superimposed
over the gate electrode, and a peripheral portion which par-
tially covers the contact portion.

12. The thin film transistor of claim 11, wherein the reac-
tion layer covers the channel passivation layer, the source
electrode and the drain electrode.

13. A display device, comprising:

a gate electrode on a substrate;

a gate insulation layer which covers the gate electrode on

the substrate;

an oxide semiconductor pattern which is disposed on the
gate insulation layer, and includes:

a channel portion superimposed over the gate electrode;
and

low resistance patterns provided at edges of the channel
portion and including oxygen vacancies;

a channel passivation layer on the oxide semiconductor
pattern;

a reaction layer which covers the oxide semiconductor
pattern and the channel passivation layer, and contacts
the low resistance patterns, the reaction layer including
a metal oxide and inducing the oxygen vacancies of the
low resistance patterns;

a source electrode and a drain electrode which contact the
low resistance patterns, wherein the source electrode
and the drain electrode are formed on the reaction layer
and extend through the reaction layer, and the source
electrode and the drain electrode are nonoverlapping
with the gate electrode;

a first electrode electrically connected to the drain elec-
trode;

an organic light emitting layer on the first electrode; and

a second electrode on the organic light emitting layer.
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